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SENSOR ARRAYS AND METHODS FOR 
MAKING SAME 

FIELD OF THE DISCLOSURE 

This disclosure, in general, relates to sensor arrays and 
methods for making same. 

BACKGROUND 

Electronic sensor arrays are finding increased use for 
detecting analytes in fluids, Such as gases or liquids. In par 
ticular, arrays of sensors based on field effect transistors are 
finding use in detecting ionic components, such as various 
cations, anions or pH. Such sensors are often referred to as 
ion-sensitive field effect transistors or ISFETs. 

Recently, such sensor arrays have found use in sequencing 
polynucleotides. Nucleotide addition results in the release of 
ionic species that influence the pH in a local environment. 
Sensors of the sensor arrays are used to detect changes in pH 
in the local environment resulting from the nucleotide addi 
tion. However, the pH of the local environment can be influ 
enced by adjacent environments, referred to as crosstalk, and 
can be influenced by the interaction of various materials with 
hydrogen ions, leading to lower accuracy and less sensitivity 
to the changes caused by nucleotide addition. 
As such, an improved sensor array would be desirable. 

SUMMARY 

In a first aspect, a system includes a sensor including a 
sensor pad and a well wall structure defining a well opera 
tively connected to the sensor pad. The sensor pad is associ 
ated with a lower surface of the well. The well wall structure 
defines an upper Surface and a wall Surface extending 
between the upper surface and the lower surface. The upper 
Surface is defined by an upper buffer material having an 
intrinsic buffer capacity of at least 2x10" groups/m. The 
wall Surface is defined by a wall material having an intrinsic 
buffer capacity of not greater than 1.7x10'7 groups/m. 

In a second aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device. The 
sensor device includes a sensor pad. The structural layer 
includes a structural material having an intrinsic buffer capac 
ity of not greater than 1.7x10'7 groups/m. The method fur 
ther includes forming a buffer layer over the structural layer. 
The buffer layer includes a buffer material having an intrinsic 
buffer capacity of at least 2x10'7 groups/m. The method also 
includes etching the buffer layer and the structural layer to 
define a well operatively connected to the sensor pad. 

In a third aspect, a method of sequencing a polynucleotide 
includes applying a particle comprising a plurality of copies 
of a polynucleotide to a well of a system of the first aspect, 
exposing the particle to an aqueous Solution including a 
nucleotide, and measuring a response of the device to the 
exposing. 

In a fourth aspect, a system includes a sensor device includ 
ing a sensor pad and a well wall structure defining a well in 
operative connection with the sensor pad. A lower Surface of 
the well is defined over the sensorpad. The well wall structure 
has an upper Surface and a wall Surface extending between the 
upper Surface and the lower Surface. The system includes a 
passivation film disposed over the upper Surface, the wall 
Surface and the lower Surface and an isolation film disposed 
over the passivation film opposite the well wall structure and 
extending Substantially parallel to and at least along a portion 
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2 
of the wall surface. The passivation layer is exposed at least 
along a portion of the upper Surface and at least along a 
portion of the lower surface. 

In a fifth aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device, the 
sensor device including a sensor pad and etching the struc 
tural layer to define a well operatively connected to the sensor 
pad. A lower surface of the well is defined over the sensorpad. 
The structurally layer has an upper Surface and a wall Surface 
extending between the upper Surface and the lower Surface. 
The method includes forming a passivation film over the 
structural layer. The passivation film extends along at least a 
portion of the upper surface and extends over the wall surface 
and the lower surface. The method further includes forming 
an isolation film over the passivation film and etching the 
isolation film to expose the passivation film along at least the 
portion of the upper Surface and at least a portion of the lower 
Surface. 

In a sixth aspect, a method of sequencing a polynucleotide 
includes applying a particle comprising a plurality of copies 
of a polynucleotide to a well of a system of the fourth aspect, 
exposing the particle to an aqueous Solution including a 
nucleotide, and measuring a response of the device to the 
exposing. 

In a seventh aspect, a system includes a sensor device 
including a sensor pad and a well wall structure defining a 
well in operative connection with the sensor pad. A lower 
surface of the well is defined over the sensor pad. The well 
wall structure has an upper Surface, and a wall Surface extends 
between the upper surface and the lower surface. A metal 
layer is disposed over the well wall structure and extends 
along the upper Surface and the wall Surface. 

In an eighth aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device, the 
sensor device including a sensor pad, and etching the struc 
tural layer to form a trench defining a well post over the sensor 
pad and a well wall structure opposite the first structure, the 
well post extending vertically higher than the well wall struc 
ture. The method further includes depositing a metal layer 
into the trench and over the well post and the well wall 
structure, exposing the well post, and etching to remove the 
well post. 

In a ninth aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device, the 
sensor device including a sensor pad, etching the structural 
layer to form a well post over the sensor pad, depositing a 
metal layer to Surround the well post, and etching to remove 
the well post. 

In a tenth aspect, a method of sequencing a polynucleotide 
includes applying a particle comprising a plurality of copies 
of a polynucleotide to a wellofa system of the seventh aspect, 
exposing the particle to an aqueous Solution including a 
nucleotide, and measuring a response of the device to the 
exposing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure may be better understood, and its 
numerous features and advantages made apparent to those 
skilled in the art by referencing the accompanying drawings. 

FIG. 1 includes an illustration of an exemplary system 
including a sensor array. 

FIG. 2 includes an illustration of an exemplary sensor and 
associated well. 

FIG. 3 includes an illustration of an exemplary well struc 
ture. 
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FIG. 4 includes cross-sectional illustrations of exemplary 
well configurations. 

FIG. 5 through FIG.33 include illustrations of exemplary 
work pieces during exemplary manufacturing processes. 

The use of the same reference symbols in different draw 
ings indicates similar or identical items. 

DETAILED DESCRIPTION 

In an exemplary embodiment, a sensor system includes a 
sensor having a sensor pad and a well wall structure defining 
a well in operative connection with the sensor pad. Option 
ally, a passivation layer is disposed over the sensor pad and 
defines a lower surface of the well. The well wall structure 
defines an upper Surface and a wall Surface extending 
between the upper surface and the lower surface of the well. 
In particular, the well wall surface may extend substantially 
Vertically, defined as extending in a direction having compo 
nent that is normal to a surface defined by the sensor pad. In 
a particular example, the upper surface is formed of a buffer 
material having an intrinsic buffer capacity of at least 2x10'7 
groups/m. The wall surface is formed of a wall material 
having an intrinsic buffer capacity of not greater than 1.7x 
10'7groups/m. Optionally, the lower surface of the well may 
beformed of a material having an intrinsic buffer capacity of 
at least 2x10'’ groups/mi. In particular, such a system can 
reduce the influence of an adjacent wells on the local envi 
ronment of the well and can improve sensitivity of the sensor. 

In a particular embodiment, a sequencing system includes 
a flow cell in which a sensory array is disposed, includes 
communication circuitry in electronic communication with 
the sensory array, and includes containers and fluid controls 
in fluidic communication with the flow cell. In an example, 
FIG. 1 illustrates an expanded and cross-sectional view of a 
flow cell 100 and illustrates a portion of a flow chamber 106. 
A reagent flow 108 flows across a surface of a microwell array 
102, in which the reagent flow 108 flows over the open ends 
of microwells of the microwell array 102. The microwell 
array 102 and a sensor array 105 together may form an inte 
grated unit forming a lower wall (or floor) of flow cell 100. A 
reference electrode 104 may be fluidly coupled to flow cham 
ber 106. Further, a flow cell cover 130 encapsulates flow 
chamber 106 to contain reagent flow 108 within a confined 
region. 

FIG. 2 illustrates an expanded view of a microwell 201 and 
a sensor 214, as illustrated at 110 of FIG. 1. The volume, 
shape, aspect ratio (such as base width-to-well depth ratio), 
and other dimensional characteristics of the microwells may 
be selected based on the nature of the reaction taking place, as 
well as the reagents, byproducts, or labeling techniques (if 
any) that are employed. The sensor 214 can be a chemical 
field-effect transistor (chemFET), more specifically an ion 
sensitive FET (ISFET), with a floating gate 218 having a 
sensor plate 220 separated from the microwell interior by a 
passivation layer 216. The sensor 214 can be responsive to 
(and generate an output signal related to) the amount of a 
charge 224 present on passivation layer 216 opposite the 
sensor plate 220. Changes in the charge 224 can cause 
changes in a current between a source 221 and a drain 222 of 
the chemFET. In turn, the chemFET can be used directly to 
provide a current-based output signal or indirectly with addi 
tional circuitry to provide a Voltage-based output signal. 
Reactants, wash solutions, and other reagents may move in 
and out of the microwells by a diffusion mechanism 240. 

In an embodiment, reactions carried out in the microwell 
201 can be analytical reactions to identify or determine char 
acteristics or properties of an analyte of interest. Such reac 
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4 
tions can generate directly or indirectly byproducts that affect 
the amount of charge adjacent to the sensor plate 220. If such 
byproducts are produced in Small amounts or rapidly decay or 
react with other constituents, then multiple copies of the same 
analyte may be analyzed in the microwell 201 at the same 
time in order to increase the output signal generated. In an 
embodiment, multiple copies of an analyte may be attached to 
a solid phase support 212, either before or after deposition 
into the microwell 201. The solid phase support 212 may be 
microparticles, nanoparticles, beads, Solid or porous com 
prising gels, or the like. For simplicity and ease of explana 
tion, Solid phase Support 212 is also referred herein as a 
particle. For a nucleic acid analyte, multiple, connected cop 
ies may be made by rolling circle amplification (RCA), expo 
nential RCA, or like techniques, to produce an amplicon 
without the need of a solid support. 

In a particular example, FIG. 3 illustrates a system 300 
including a well wall structure 302 defining wells 304. The 
wells 304 are in operative connection with sensor pads 306 of 
sensors. In particular, a lower surface 308 of the well 304 is 
defined over at least a portion of the sensor pad 306. The well 
wall structure 302 defines an upper surface 310 and defines a 
wall surface 312 extending between the upper surface 310 
and the lower surface 308. 
The well wall structure 302 can be formed of one or more 

layers of material. In an example, the well wall structure 302 
can have a thickness extending from the lower surface 308 to 
the upper surface 310 in a range of 0.3 micrometers to 10 
micrometers, such as a range of 0.5 micrometers to 6 
micrometers. The wells 304 can have a characteristic diam 
eter, defined as the square root of 4 times the cross-sectional 
area (A) divided by Pi (e.g., sqrt(4*A/t), of not greater than 5 
micrometers, such as not greater than 3.5 micrometers, not 
greater than 2.0 micrometers, not greater than 1.6 microme 
ters, not greater than 1.0 micrometers, not greater than 0.8 
micrometers or even not greater than 0.6 micrometers. 

In a particular example, the upper surface 310 is defined by 
an upper buffer material having an intrinsic buffer capacity of 
at least 2x10'7 groups/m. Intrinsic buffer capacity is defined 
as the Surface density of hydroxyl groups on a surface of a 
material measured at a pH of 7. Such a buffer material is 
referred to as a high intrinsic buffer capacity material. For 
example, the upper buffer material can have an intrinsic 
buffer capacity of at least 4x107 groups/m, such as at least 
8x10" groups/m, at least 1x10" groups/m, or even at least 
2x10" groups/m. In an example, the upper buffer material 
has an intrinsic buffer capacity of not greater than 1x10' 
groups/m. 

In particular, the upper buffer material is a high intrinsic 
buffer capacity material that can include an inorganic mate 
rial. Such as a ceramic material. For example, a ceramic 
material can include an oxide of aluminum, hafnium, tanta 
lum, Zirconium, or any combination thereof. In an example, 
the ceramic material can include an oxide of tantalum. In 
another example, the ceramic material includes an oxide of 
zirconium. In a further example, the upper surface 310 can be 
coated with a pH buffering coating. An exemplary pH buff 
ering coating can include a functional group, Such as phos 
phate, phosphonate, catechol, nitrocatechol, boronate, phe 
nylboronate, imidazole, silanol, another pH-sensing group, or 
a combination thereof. 
The wall surface 312 is defined by a wall material having a 

low intrinsic buffer capacity, Such as not greater than 1.7x 
10'7 groups/m. For example, the intrinsic buffer capacity of 
the wall material can be not greater than 1x107 groups/m. 
such as not greater than 5x10' groups/m, not greater than 
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2x10' groups/m, not greater than 1x10' groups/m, or 
even not greater than 5x10" groups/m. 

In an example, the wall material includes a low intrinsic 
buffer capacity material that can include an inorganic mate 
rial. Such as a ceramic material. An exemplary ceramic mate 
rial can include a nitride of silica, titanium, or a combination 
thereof. In another example, the ceramic material includes an 
oxide of silicon. In an additional example, the ceramic mate 
rial can include silicon oxynitride. In a further example, the 
inorganic material can include a metal. For example, the 
metal can include aluminum, copper, nickel, titanium, silver, 
gold, platinum, or a combination thereof. In particular, the 
metal can include copper. 

Alternatively, the wall material can include an organic 
material. Such as a polymeric material. An exemplary poly 
meric material includes a polymer having an aromatic group 
in its backbone. For example, the polymer can be a poly 
(Xylylene). Such as a poly(p-xylylene), optionally including 
functionalize p-xylylenes, such as halogenated p-xylylenes. 
In another example, the polymeric material includes a fluo 
ropolymer. An exemplary fluoropolymer includes polytet 
rafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), 
polyvinyl fluoride (PVF), fluorinated ethylene propylene 
(FEP) copolymer, ethylene chlorotrifluoroethylene (ECTFE) 
copolymer, a copolymer of tetrafluoroethylene, hexafluoro 
propylene, and vinylidene fluoride (THV), a copolymer of 
tetrafluoroethylene and perfluoro methylvinylether (PFA or 
MFA), a fluoropolymer having a fluorinated oxolane in its 
backbone, perfluoroether, or any combination thereof. In par 
ticular, the fluoropolymer can be a fluoropolymer having 
fluorinated oxolane in its backbone, for example, Cytop. Fur 
ther, the polymer coating can be amorphous, exhibiting little 
or no crystallinity. 

In a further example, the wall material can include a low 
buffer capacity coating. In particular, the low buffer capacity 
coating can include a silane component. In an embodiment, 
the silane component can be R—(CH2)n Si X1X2X3 
where R is an organofunctional group, (CH2)n is a hydro 
carbon linker (n=1 to 20), Si is a silicon atom, and X1,X2, or 
X3 comprise one or more independent hydrolysable groups, 
including alkoxy or halogen groups. In another embodiment, 
the silane component can be R—(C2H4O)n—Si X1 X2 
X3 where R is an organofunctional group, (C2H4O)n (n=1 
to 100) is a polyether linker, Si is a silicon atom, and X1,X2, 
or X3 comprise one or more hydrolysable groups, including 
alkoxy or halogen groups. In either of the embodiments, 
organofunctional groups R can include methyl, methylene, 
phenyl, benzyl, anilino, amino, amide, hydroxyl, aldehyde, 
alkoxy, halo, mercapto, carboxy, acyl, vinyl, allyl, Styryl, 
epoxy, isocyanato, glycidoxy, acryloxy, or a combination 
thereof. Examples of the silane component can include N-((6- 
aminohexyl)aminomethyltriethoxysilane, (mercaptomethyl) 
methyldiethoxysilane, chloromethyltriethoxysilane, (isocy 
anatomethyl)methyldimethoxysilane, 
N-phenylaminomethyltriethoxysilane, triethoxysilylundeca 
nal, 11-mercaptoundecyltrimethoxysilane, 10-undecenyltri 
methoxysilane, N-(2-aminoethyl)-11-aminoundecyltri 
methoxysilane, 11-bromoundecyltrimethoxysilane, 
n-octyltrimethoxysilane, 2-methoxy (polyethyleneoxy)pro 
pyltrimethoxysilane, 3-methoxypropyltrimethoxysilane, 
methoxytriethyleneoxypropyltrisilane, methoxy silane, 
methoxyethoxyundecyltrichlorosilane, 2-methoxy(polyeth 
yleneoxy)propyl-trichlorosilane, or a combination thereof. 

The lower surface 308 of the well can be defined by lower 
buffer material disposed over the sensor pad 306. For 
example, the lower buffer material can have an intrinsic buffer 
capacity of at least 2x10'7 groups/m, such as at least 4x10'7 
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6 
groups/m, at least 8x10" groups/m, at least 1x10" groups/ 
m, or even at least 2x10" groups/m. In a particular 
example, the lower buffer material has an intrinsic buffer 
capacity of not greater than 1x10' groups/mi. In an example, 
the lower buffer material can include an inorganic material, 
Such as a ceramic material. For example, a ceramic material 
can include an oxide of aluminum, hafnium, tantalum, Zirco 
nium, or any combination thereof. In particular, the ceramic 
material can include an oxide of tantalum. In another 
example, the ceramic material includes an oxide of Zirco 
nium. In a further example, the lower surface 308 can be 
coated with a pH sensitive coating. Exemplary pH sensitive 
coatings can include a functional group. Such as phosphate, 
phosphonate, catechol, nitrocatechol, boronate, phenylbor 
onate, imidazole, silanol, another pH-sensing group, or a 
combination thereof. In a further example, the lower buffer 
material can be the same as the upper buffer material. For 
example, the lower buffer material and the upper buffer mate 
rial can beformed as a single layer over the well wall structure 
302. Alternatively, the upper buffer material and lower buffer 
material can beformed as separate layers and can be different. 

In particular, the wall surface 312 extends substantially 
Vertically, defined as extending in a direction having a com 
ponent that is normal to the Surface defined by the sensor pad. 
For example, as illustrated in FIG. 4, a well wall 402 can 
extend Vertically, being parallel to a normal component 412 of 
a Surface 414 defined by a sensorpad. In another example, the 
wall surface 404 extends substantially vertically, in an out 
ward direction away from the sensor pad, providing a larger 
opening to the well than the area of the lower surface of the 
well. As illustrated in FIG. 4, the wall surface 404 extends in 
a direction having avertical component parallel to the normal 
component 412 of the Surface 414. In an alternative example, 
a wall surface 406 extends substantially vertically in an 
inward direction, providing an opening area that is Smaller 
than an area of the lower surface of the well. The wall surface 
406 extends in a direction having a component parallel to the 
normal component 412 of the surface 414. 

While the surfaces 402, 404, or 406 are illustrated by 
straight lines, some semiconductor or CMOS manufacturing 
processes can result in structures having nonlinear shapes. In 
particular, wall Surfaces, such as wall Surface 408 and upper 
Surfaces, such as upper Surface 410, can be arcuate in shape or 
take various nonlinear forms. While the structures and 
devices illustrated herewith are depicted as having linear 
layers, Surfaces, or shapes, actual layers, Surfaces, or shapes 
resulting from semiconductor processing may differ to some 
degree, possibly including nonlinear and arcuate variations of 
the illustrated embodiment. 

Returning to FIG. 3, the well wall structure 302 and the 
surfaces 310, 312, and 308 can be defined by one or more 
materials. Specific embodiments are presented below that 
identify specific material layers. However, it is understood 
that various materials described above can be substituted for 
the identified material layers. 

In a particular embodiment, a well wall structure includes 
one or more layers defining the well wall. Such layers can be 
formed of materials having low intrinsic buffer capacity. In 
addition, the well wall structure includes a film defining an 
upper surface of the well wall structure, which is formed of a 
buffer material having a high intrinsic buffer capacity. Fur 
ther, a lower surface of the well is defined by a passivation 
material having high buffer capacity. The passivation material 
is disposed over a sensorpad. For example, FIG.9 includes an 
illustration of an exemplary well wall structure 828 that 
defines a well 822 over a passivation layer 610 and a sensor 
pad 608. The passivation layer 610 is exposed to form a lower 
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Surface 930 of the well 822. The well wall structure 828 
defines a wall Surface 824 extending between an upper Sur 
face 826 and the lower Surface 930. The well wall structure 
828 includes one or more layers of low intrinsic buffer capac 
ity material that define the wall surface 824. An additional 
film 720 defines the upper surface 826 and is formed of a high 
intrinsic buffer capacity material. In an example, a structure 
such as that illustrated in FIG.9 can be formed by a process 
such as a process illustrated in FIGS. 5-9. 
As illustrated in FIG. 5, a conductive layer 504 is deposited 

over a CMOS structure 502. The CMOS structure 502 can 
include a sensor structure to be operatively coupled to a 
sensory pad. In addition, one or more passivation layers 506 
or 508 can be deposited over the conductive layer 504. In an 
example, the conductive layer 504 is formed by a metal depo 
sition technique, such as atomic layer deposition, Sputtering, 
e-beam evaporation, electrochemical deposition, or a combi 
nation thereof. The passivation layers 506 or 508 can be 
deposited over the conductive layer 504 using atomic layer 
deposition or other techniques. In particular, the passivation 
layers 506 or 508 can include an oxide of aluminum, hafnium, 
tantalum, Zirconium, or a combination thereof. In a particular 
example, the passivation layer 506 includes an oxide oftan 
talum and the passivation layer 508 includes an oxide of 
aluminum. 
The layers 504,506, or 508 can be patterned to expose a 

surface of the CMOS structure 502 and define stack structures 
606. For example, as illustrated in FIG. 6, a stack structure 
606 including a conductive sensor pad 608 can overlie the 
CMOS structure 502. In the illustrated example, a layer 610 
includes tantalum oxide and a layer 612 includes aluminum 
oxide. Optionally, an aluminum oxide layer (not illustrated) 
can be disposed between the sensorpad 608 and the layer 610. 
Alternatively, the layers 610 or 612 can be formed of zirco 
nium oxide. In an example, each of the layers 610 or 612 can 
have a thickness in a range of 5 nm to 100 nm, Such as a range 
of 10 nm to 70 nm, a range of 15 nm to 65 nm, or even a range 
of 20 nm to 50 nm. 
As illustrated in FIG. 7, one or morelayers 714, 716, or 718 

can be deposited over the CMOS structure 502 and the sensor 
pad 608. In an example, one or more layers of an oxide of 
silicon, a nitride of silicon, or TEOS can be deposited to 
overlie the stack structure 606. In the illustrated example, a 
layer 714 of silicon oxide is deposited over the CMOS struc 
ture 502. A layer 716 of silicon nitride is deposited over the 
layer 714, and a layer 718 of silicon oxide or TEOS is depos 
ited over the layer 714. In addition, a buffer material layer 720 
can be deposited over the layers 714, 716 or 718. The total 
thickness of the one or more layers 714, 716,718, or 720 can 
be in a range of 0.3 micrometers to 10 micrometers, such as a 
range of 0.5 micrometers to 6 micrometers. 
As illustrated in FIG.8, the layers 714, 716,718, or 720 can 

be etched to define a well 822 and a well wall structure 828. 
In an example, the wells 822 can be exposed using a wet 
patch, a plasma etch, or a combination thereof. In particular, 
a fluorinated plasma etch process with endpoint detection can 
be utilized to form a well that terminates at the aluminum 
oxide layer 612. In particular, a fluorinated plasma etch using 
fluorinated species, such as trifluoromethane, tetrafluo 
romethane, nitrogen fluoride, Sulfur hexafluoride, or a com 
bination thereof, can be utilized. As a result, an upper Surface 
826 is defined by the buffer material of the layer 720. The wall 
surface 824 is defined by the material of layers 714, 716, or 
718, which are formed of low intrinsic buffer capacity mate 
rials. 
As illustrated in FIG. 9, a wet etch process can be used to 

remove a portion of the aluminum oxide layer 612 to expose 
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8 
the tantalum oxide layer 610 and to define a lower surface 930 
of the well 822. As such, the lower surface of the well is 
formed of a high intrinsic buffer capacity material, while the 
wall surface 824 is formed of a low intrinsic buffer capacity 
material, and the upper surface 826 is formed of a high intrin 
sic buffer capacity material. 

In an alternative process, a similar structure can be formed 
as illustrated in FIGS. 10-15. For example, as illustrated in 
FIG. 10, sensor pads 1004 can be formed over a CMOS 
structure 1002. An insulation material layer 1006 can be 
deposited over the sensor pads 1004. The insulation material 
layer 1006 can be formed of an insulation material, such as 
silicon dioxide, silicon oxynitride, or a combination thereof. 
In an example, the insulation material layer 1006 has a thick 
ness in a range of 0.3 micrometers to 1.5 micrometers, such as 
0.4 micrometers to 1.0 micrometers, or even a range of 0.4 
micrometers to 0.7 micrometers. 
As illustrated in FIG. 11, the insulation layer 1006 can be 

patterned using lithographic method and can be etched to 
expose the sensorpads 1004. As a result, insulation structures 
1108 are formed between the sensor pads 1004. 
A high intrinsic buffer capacity material can be deposited 

over the structures 1108 and the sensor pads 1004. For 
example, as illustrated in FIG. 12, layers of high intrinsic 
buffer capacity material. Such as aluminum oxide, hafnium 
oxide, tantalum oxide, Zirconium oxide or a combination 
thereof, can be deposited over the structures 1108 and the 
sensor pads 1004. In particular, a layer 1210 of tantalum 
oxide can be deposited over the structures 1108 and the sensor 
pads 1004 and a layer 1212 of aluminum oxide can be depos 
ited over the layer 1210 oftantalum oxide. Optionally, a layer 
(not illustrated) of aluminum oxide can be deposited between 
the layer 1210 and the structures 1108 or the sensory pads 
1004. In a particular example, the layers 1210 or 1212 can 
have a thickness in a range of 5 nm to 100 nm, Such as a range 
of 10 nm to 70 nm, a range of 15 nm to 65 nm, or even a range 
of 20 nm to 50 nm. 
As illustrated in FIG. 13, one or more layers 1314, 1316, or 

1318 of low intrinsic buffer capacity material can be depos 
ited over the layers 1210 or 1212. For example, one or more 
layers silicon oxide, silicon nitride, silicon oxynitride, tetra 
ethoxysilane (TEOS) or a combination thereof can be depos 
ited over the layers 1210 or 1212. Such low intrinsic buffer 
capacity materials can be deposited using TEOS deposition 
techniques. Alternatively, chemical vapor deposition can be 
used to form such layers. In a further alternative, one or more 
of the layers can be formed of a polymer, such as a polyxy 
lylene or a fluoropolymer. 

In the illustrated example, a layer 1314 of silicon dioxide is 
deposited over the layers 1210 and 1212. A layer 1316 of 
silicon nitride is deposited over the layer 1314, and a layer 
1318 of silicon dioxide is deposited over the layer 1316. 
Optionally, a high intrinsic buffer capacity material layer 
1320 can be deposited over the layer 1318. The total thickness 
of the layers 1314, 1316, or 1318 can be in a range of 1 Lum to 
10 um, Such as a range of 2 um to 7 um, or even a range of 3 
um to 5um. The layer 1320 can have a thickness in a range of 
5 nm to 100 nm, such as a range of 10 nm to 70 nm, a range of 
15 nm to 65 nm, or even a range of 20 nm to 50 nm. 

Following patterning, for example, using lithography fol 
lowed by etching, a well 1422 is opened through layers 1314, 
1316, 1318, or 1320, as illustrated in FIG. 14. A wet etch 
process, plasma etch process, or combination thereof can be 
used to open the well 1422. In an example, a plasma etch with 
etch stop detection can be used. In particular, a fluorinated 
plasma etch using fluorinated species, such as trifluo 
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romethane, tetrafluoromethane, nitrogen fluoride, Sulfur 
hexafluoride, or a combination thereof, can be utilized. 
As illustrated in FIG. 15, a wet etch technique can be used 

to strip the aluminum oxide layer 1212, exposing the tantalum 
oxide layer 1210 over the sensor pad 1004. As a result, a 
similar structure is formed as described in relation to FIG.9 in 
which an upper surface 1524 includes a high intrinsic buffer 
capacity material, a wall surface 1526 is formed of low intrin 
sic buffer capacity materials, and a lower surface 1528 of the 
well 1422 includes a high intrinsic buffer capacity material. 

In an alternative example, a high intrinsic buffer capacity 
material can be deposited in a single layer to form an upper 
surface of the well wall structure and a lower surface associ 
ated with the well. For example, as illustrated in FIG. 16, one 
or more layers can be deposited over a CMOS structure 1602 
and sensor pads 1604. The CMOS structure 1602 includes a 
portion of the sensor device operatively coupled to the sensor 
pad 1604. One or more layers (1606, 1608, or 1610) of low 
buffer capacity material can be deposited over the sensorpads 
1604. Exemplary materials include silicon dioxide, silicon 
nitride, silicon oxynitride, tetraethoxysilane (TEOS) or a 
combination thereof. In the illustrated example, a layer 1606 
of silicon dioxide is deposited over the sensor pads 1604 and 
the CMOS structure 1602. A layer 1608 of silicon nitride is 
deposited over the layer 1606, and a layer 1610 of silicon 
dioxide is deposited over the layer 1608. The layers 1606, 
1608, or 1610 can beformed using chemical vapor deposition 
(CVD). TEOS deposition through plasma enhanced CVD, a 
hydrolysis method, or a combination thereof. The total thick 
ness of the layers 1606, 1608, or 1610 can be in a range of 0.3 
micrometers to 10 micrometers, such as a range of 0.5 
micrometers to 6 micrometers. 
As illustrated in FIG. 17, the layers 1606, 1608, or 1610 can 

be patterned using lithographic techniques and can be etched 
to expose the sensor pads 1604, defining wells 1712. For 
example, etch technique, such as wet etch, plasma etch tech 
niques, or a combination thereof, can be used to open the well 
1712. In a particular example, a fluorinated plasma etch using 
fluorinated species, such as trifluoromethane, tetrafluo 
romethane, nitrogen fluoride, Sulfur hexafluoride, or a com 
bination thereof, can be used. 
A film 1814 of high intrinsic buffer capacity material can 

be deposited over the etched layers 1606, 1608, or 1610 and 
the sensor pad 1604, as illustrated in FIG. 18. For example 
one or more layers of aluminum oxide, hafnium oxide, tan 
talum oxide, Zirconium oxide, or a combination thereof can 
be deposited using atomic layer deposition technique. In a 
particular example, a three layer stack including a layer of 
aluminum oxide over a layer of tantalum oxide over a further 
layer of aluminum oxide can be deposited to form the film 
1814. The film 1814 can have a total thickness in a range of 20 
nm to 500 nm, such as a range of 20 nm to 300 nm, or even a 
range of 20 nm to 250 nm. In an example in which multiple 
layers are used to form the film 1814, each of the layers can 
have a thickness in a range of 10 nm to 100 nm, Such as a 
thickness in a range of 10 nm to 50 nm, or even a range of 10 
nm to 30 nm. In a particular embodiment, a three layer stack 
including 20 nm layers of aluminum oxide, tantalum oxide, 
and a further layer of aluminum oxide can be deposited using 
an atomic layer deposition technique. 
A further layer of low intrinsic buffer capacity material can 

be deposited over the film 1814. For example, a layer 1816 
including an oxide of silicon can be deposited over the film 
1814. Alternatively, the layer 1816 can be formed of nitrides 
of silicon or other low intrinsic buffer capacity materials. In 
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10 
particular, the layer 1816 has a thickness in a range of 50 nm 
to 1 micrometer, such as a range of 50 nm to 500 nm, or even 
a range of 100 nm to 300 nm. 
The silicon dioxide layer can be anisotropic etched to 

remove portions of the layer 1816 from the top surface of the 
well structure and the lower surface of the well, leaving 
portions of the layer 1816 on the well wall, as illustrated in 
FIG. 19. In addition, a wet etch can be used to strip an 
aluminum oxide layer, leaving an upper Surface and a lower 
Surface of exposed tantalum oxide. As a result, an upper 
Surface 1918 of the well wall structure 1920 and a lower 
surface 1922 of the well 1712 include an exposed high intrin 
sic buffer capacity material, while a wall surface 1924 is 
defined by a low intrinsic buffer capacity oxide of silicon. 

In another example, a well wall surface can be formed of a 
polymeric material, isolating high intrinsic buffer capacity 
materials from the well wall surface and limiting exposure of 
the high intrinsic buffer capacity materials to the upper Sur 
face of the well wall structure and a lower surface of the well. 
Returning to FIG. 17, a well 1712 is defined in one or more 
layers 1606, 1608, or 1610 to expose a sensor pad 1604. As 
illustrated in FIG. 20, one or more layers of high buffer 
capacity material can be deposited as a film 2014. For 
example, the film 2014 can include aluminum oxide, hafnium 
oxide, tantalum oxide, Zirconium oxide, or a combination 
thereof. In a particular example, layers of aluminum oxide 
and tantalum oxide are deposited using atomic layer deposi 
tion. In the illustrated example, a layer of aluminum oxide is 
deposited over a layer of tantalum oxide, which is deposited 
over a further layer of aluminum oxide. A layer 2016 of an 
inorganic material. Such as a polymeric material, is deposited 
over the film 2014. An exemplary polymeric material 
includes a polymer having an aromatic group in its backbone. 
For example, the polymer can be a poly(xylylene). Such as a 
poly(p-xylylene), including functionalize p-xylylenes, such 
as halogenated p-xylylenes. In another example, the poly 
meric material includes a fluoropolymer. An exemplary fluo 
ropolymer includes polytetrafluoroethylene (PTFE), polyvi 
nylidene fluoride (PVDF), polyvinyl fluoride (PVF), 
fluorinated ethylene propylene (FEP) copolymer, ethylene 
chlorotrifluoroethylene (ECTFE) copolymer, a copolymer of 
tetrafluoroethylene, hexafluoropropylene, and vinylidene 
fluoride (THV), a copolymer of tetrafluoroethylene and per 
fluoro methylvinylether (PFA or MFA), a fluoropolymer hav 
ing a fluorinated oxolane in its backbone, perfluoroether, or a 
combination thereof. In particular, the fluoropolymer can be a 
fluoropolymer having fluorinated oxolane in its backbone, for 
example, Cytop. 
As illustrated in FIG. 21, the layer 2016 can be anisotropic 

wet etched to remove the polymer from an upper surface 2120 
of the well wall structure 2118 and the lower surface 2124 of 
the well 1712. The polymeric material remains on the wall 
surface 2122 of the wells 1712. While not illustrated, a tan 
talum oxide layer can be exposed using a wet etch process to 
remove aluminum oxide. As a result, well wall structure 2118 
includes an upper Surface 2120 of exposed high intrinsic 
buffer capacity material, and lower surface 2124 of the well 
1712 is defined by the same high intrinsic buffer capacity 
material. The layer 2016 of polymer forms the wall surface 
2122 and isolates the well wall surface 2122 from the high 
intrinsic buffer capacity material of the film 2014. 

In a further example, the polymeric material can be substi 
tuted with an inorganic material. Such as a nitride of silicon or 
titanium. In a particular material, the inorganic material is an 
electrically conductive material. Following from FIG. 17. 
FIG.22 illustrates a film 2222 formed of one or more layers of 
high intrinsic buffer capacity material. Such as aluminum 
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oxide, hafnium oxide, tantalum oxide, Zirconium oxide, or a 
combination thereof. The film 2222 can be formed as 
described above with the thicknesses described above. In a 
particular example, a three layer stack, including a layer of 
aluminum oxide over a layer of tantalum oxide, which is 
disposed over a layer of aluminum oxide, defines the film 
2222. A layer 2224 of electrically conductive material is 
deposited over the film 2222. For example, the layer 2224 can 
be formed of a layer of titanium nitride. 
As illustrated in FIG. 23, the layer 2224 can be anisotropic 

wet etched to remove the electrically conductive film 2224 
from a top surface 2328 of a well wall structure 2326 and a 
lower surface 2330 of the well 1712. The electrically conduc 
tive layer 2224 remains along a wall surface 2332. Further, an 
aluminum oxide layer of the film 2222 can be removed to 
expose a tantalum oxide layer on both the upper surface 2328 
and the lower Surface 2330. 

In a further embodiment, the well walls may be formed of 
a metallic material. In particular, the metal well walls can be 
formed using a process similar to a Damascene or dual 
Damascene process. For example, following from FIG. 12, an 
oxide layer 2414 can be deposited over layers 1210 or 1212, 
as illustrated in FIG. 24. In particular, the layer 2414 is 
formed of a material that can be removed using a technique 
that will not damage or erode metallic layers or structures. 
As illustrated in FIG. 25, the layer 2414 can be patterned 

using lithographic technique and etched to form well posts 
2516. In particular, the well posts 2516 are disposed over the 
sensor pads 1004. 
A metal layer 2618 can be deposited over the exposed 

layers 1210 or 1212, in addition to the well post 2516, as 
illustrated in FIG. 26. For example, the metal layer 2618 can 
be deposited using an electroplating technique. Alternatively, 
the metal layer 2618 can be deposited using liquid deposition 
techniques, sputtering, or evaporation techniques. The metal 
layer 2618 can be formed of a metal such as aluminum, 
copper, titanium, nickel, gold, silver, platinum or any combi 
nation thereof. 
As illustrated in FIG. 27, the metal layer 2618 can be 

planarized to expose the well post 2516. For example, a 
chemical mechanical polishing technique can be utilized to 
planarize the metal layer 2618 and expose the well posts 
2516. 
The well posts 2516 can be etched, for example, using a 

plasma etch technique, Such as a reactive ion etch, to remove 
the well post 2516, leaving the metallic layer 2618 to define 
wells 2820, as illustrated in FIG. 28. While not illustrated, the 
aluminum oxide layer 1212 can be removed using a wet etch 
technique to expose the tantalum oxide layer 1210 over the 
sensor pad 1004. 

In an alternative example, ceramic materials can be used to 
support metallic layers that define the well wall. For example, 
following from FIG. 24, the layer 2414 can be etched in a 
pattern. In particular, the layer 2414 can be patterned using a 
lithographic technique and etched to form a trench 2918, as 
illustrated in FIG. 29. A well post 2916 is defined on an 
opposite side of the trench 2918 from a well wall structure 
2914. In a particular example, the well post 2916 extends to a 
greater height over the CMOS structure 1002 than the well 
wall structure 2914. 
As illustrated in FIG. 30, a metal layer 3020 can be depos 

ited over the well wall structure 2914 and the well post 2916 
and within the trench 2918. For example, the metal layer 3020 
be deposited using an electroplating technique. Alternatively, 
the metal layer can be deposited using liquid deposition tech 
niques, sputtering, evaporation techniques, or a combination 
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12 
thereof. The metal layer 3020 can be formed of a metal such 
as aluminum, copper, nickel, gold, platinum, silver, titanium, 
or a combination thereof. 
The metal layer 3020 can be planarized using, for example, 

chemical mechanical polishing to expose the well posts 2916, 
leaving a portion of the layer 3020 over the well wall structure 
2914, as illustrated in FIG. 31. The well posts 2916 can be 
etched, removing the well posts 2916 and leaving wells 3224. 
as illustrated in FIG.32. In addition, an aluminum oxide layer 
1212 can be removed using a wet etch process to expose a 
tantalum oxide layer 1210 disposed over the sensorpad 1004. 

Optionally, an additional planarization process can be used 
to remove the metal layer 3020 from the upper surface 3322 
of the well wall structure 3320, as illustrated in FIG.33. As a 
result, the wall surface 3326 is defined by a metallic material, 
whereas the lower surface 3324 of the well3224 is defined by 
high intrinsic buffer capacity material. 

In each of the above embodiments in which a passivation 
layer, Such as an oxide of tantalum, aluminum, hafnium, or 
Zirconium, is disposed over the sensor pad and is exposed as 
part of the lower Surface of a well, a coating Such as those 
described above in relation to FIG. 3 can be used to enhance 
sensitivity of the system. Further, exposed upper Surfaces of 
well wall structures can be enhanced with Such coatings. In 
addition, coatings described above in relation to FIG. 3 that 
reduce the intrinsic buffer capacity of a Surface can be used on 
the wall surfaces. 

In a first aspect, a system includes a sensor including a 
sensor pad and a well wall structure defining a well opera 
tively connected to the sensor pad. The sensor pad is associ 
ated with a lower surface of the well. The well wall structure 
defines an upper surface and a wall surface extending 
between the upper surface and the lower surface. The upper 
Surface is defined by an upper buffer material having an 
intrinsic buffer capacity of at least 2x10'7 groups/m. The 
wall Surface is defined by a wall material having an intrinsic 
buffer capacity of not greater than 1.7x10" groups/m. 

In an example of the first aspect, the upper buffer material 
has an intrinsic buffer capacity of at least 4x10'7 groups/m. 
For example, the upper buffer material can have an intrinsic 
buffer capacity of at least 8x10" groups/m, such as an intrin 
sic buffer capacity of at least 1x10" groups/m, or at least 
2x10" groups/mi. In a particular example of the first aspect, 
the upper buffer material has an intrinsic buffer capacity of 
not greater than 1x10' groups/m. 

In another example of the first aspect or the above 
examples, the wall material has an intrinsic buffer capacity of 
not greater than 1x10" groups/m. For example, the wall 
material has an intrinsic buffer capacity of not greater than 
5x10' groups/m, such as an intrinsic buffer capacity of not 
greater than 2x10' groups/m, not greater than 1x10' 
groups/m, or not greater than 5x10" groups/m. 

In a further example of the first aspect or the above 
example, the lower surface of the well is defined by a lower 
buffer material disposed over the sensor pad. In an additional 
example of the first aspect or the above examples, the lower 
buffer material has an intrinsic buffer capacity of at least 
2x10" groups/m, such as an intrinsic buffer capacity of at 
least 4x10'7 groups/m, at least 1x10" groups/m, or at least 
2x10" groups/m. In another example of the first aspect or 
the above examples, the lower buffer material has an intrinsic 
buffer capacity of not greater than 1x10' groups/m. In a 
further example of the first aspect or the above examples, the 
upper buffer material and the lower buffer material are the 
SaC. 

In an additional example of the first aspect, the upper buffer 
material includes an inorganic material. 
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In another example of the first aspect or the above 
examples, the upper buffer material includes a ceramic mate 
rial. In a particular example, the ceramic material includes an 
oxide of aluminum, hafnium, tantalum, Zirconium, or a com 
bination thereof. For example, the ceramic material includes 
an oxide of tantalum. In another example, the ceramic mate 
rial includes an oxide of aluminum. 

In a further example of the first aspect or the above 
examples, the wall material includes an inorganic material. 
For example, the inorganic material includes a ceramic mate 
rial. In an example, the ceramic material includes a nitride of 
silica or titanium. In another example, the ceramic material 
includes an oxide of silicon. In a further aspect, the inorganic 
material includes a metal material. For example, the metal 
material includes aluminum, copper, nickel, titanium, gold, 
silver, platinum, or a combination thereof. In a particular 
example, the metal material includes copper. 

In an additional example of the first aspect or the above 
examples, the wall material includes an organic material. For 
example, the organic material includes a polymeric material. 
In an example, the polymeric material includes poly(xy 
lylene). 

In another example of the first aspect or the above 
examples, the sensor and wall structure are integral to an 
electronic component. For example, the electronic compo 
nent is disposed in cooperation with a flow chamber to place 
the sensor and the well wall structure in fluid communication 
with an aqueous solution. In another example, the electronic 
component is in signal communication with a processor. 

In a second aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device. The 
sensor device includes a sensor pad. The structural layer 
includes a structural material having an intrinsic buffer capac 
ity of not greater than 1.7x10'7 groups/m. The method fur 
ther includes forming a buffer layer over the structural layer. 
The buffer layer includes a buffer material having an intrinsic 
buffer capacity of at least 2x10' groups/m. The method also 
includes etching the buffer layer and the structural layer to 
define a well operatively connected to the sensor pad. 

In an example of the second aspect, the structural material 
has an intrinsic buffer capacity of not greater than 1x10'7 
groups/m. For example, the buffer material has an intrinsic 
buffer capacity of at least 4x10" groups/m. 

In another example of the second aspect or the above 
examples, the method further includes forming a passivation 
layer over the sensorpad prior to forming the structural layer, 
the passivation layer disposed between the sensor device and 
the structural layer. In a further example, the method further 
includes forming an etch stop layer over the passivation layer. 
The etch stop layer is disposed between the structural layer 
and the passivation layer. For example, etching can include 
exposing the passivation layer. 

In an additional example of the second aspect or the above 
examples, forming the structural layer includes forming a first 
dielectric layer and forming a second dielectric layer, a mate 
rial of the first dielectric layer being different from a material 
of the second dielectric layer. For example, the method can 
further include forming a third dielectric layer over the sec 
ond dielectric layer, a material of the second dielectric layer 
being different from a material of the third dielectric layer. In 
particular, the first dielectric layer can include an oxide of 
silicon. In another example, the second dielectric layer can 
include silicon nitride. In a further example of the second 
aspect or the above examples, forming the structural layer 
includes depositing TEOS. 

In a third aspect, a method of sequencing a polynucleotide 
includes applying a particle comprising a plurality of copies 
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14 
of a polynucleotide to a well of a system of the first aspect, 
exposing the particle to an aqueous Solution including a 
nucleotide, and measuring a response of the device to the 
exposing. 

In a fourth aspect, a system includes a sensor device includ 
ing a sensor pad and a well wall structure defining a well in 
operative connection with the sensor pad. A lower Surface of 
the well is defined over the sensorpad. The well wall structure 
has an upper Surface and a wall Surface extending between the 
upper Surface and the lower Surface. The system includes a 
passivation film disposed over the upper Surface, the wall 
Surface and the lower Surface and an isolation film disposed 
over the passivation film opposite the well wall structure and 
extending Substantially parallel to and at least along a portion 
of the wall surface. The passivation layer is exposed at least 
along a portion of the upper Surface and at least along a 
portion of the lower surface. 

In an example of the fourth aspect, the passivation layer 
includes a buffer material having an intrinsic buffer capacity 
of at least 2x10'7 groups/m. In another example of the fourth 
aspect or the above examples, the buffer material includes an 
oxide of Zirconium, aluminum, tantalum, hafnium, or a com 
bination thereof. In an additional example of the fourth aspect 
or the above examples, the buffer material includes an oxide 
of tantalum. 

In another example of the fourth aspect or the above 
examples, the isolation layer includes a low buffer material 
having an intrinsic buffer capacity of not greater than 1.7x 
10'7 groups/m. In an additional example of the fourth aspect 
or the above examples, the low buffer material includes a 
ceramic material. For example, the low buffer material 
includes an oxide of silicon. In an example, the low buffer 
material includes a nitride of silicon, titanium, or a combina 
tion thereof. In an additional example of the fourth aspect or 
the above examples, the low buffer material includes a poly 
meric material. For example, the polymeric material include 
poly(xylylene). 

In a fifth aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device, the 
sensor device including a sensor pad and etching the struc 
tural layer to define a well operatively connected to the sensor 
pad. A lower surface of the well is defined over the sensorpad. 
The structurally layer has an upper Surface and a wall Surface 
extending between the upper Surface and the lower Surface. 
The method includes forming a passivation film over the 
structural layer. The passivation film extends along at least a 
portion of the upper surface and extends over the wall surface 
and the lower surface. The method further includes forming 
an isolation film over the passivation film and etching the 
isolation film to expose the passivation film along at least the 
portion of the upper Surface and at least a portion of the lower 
Surface. 

In an example of the fifth aspect, forming the structural 
layer includes forming a first dielectric layer and forming a 
second dielectric layer, a material of the first dielectric layer 
being different from a material of the second dielectric layer. 

In another example of the fifth aspect or the above 
examples, the method further includes forming a third dielec 
tric layer over the second dielectric layer, a material of the 
second dielectric layer being different from a material of the 
third dielectric layer. 

In an additional example of the fifth aspect or the above 
examples, the first dielectric layer includes an oxide of sili 
con. In another example, the second dielectric layer includes 
silicon nitride. 
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In a further example of the fifth aspect or the above 
examples, forming the structural layer includes depositing 
TEOS. 

In an example of the fifth aspect or the above examples, 
forming the passivation layer includes depositing a buffer 
material having an intrinsic buffer capacity of at least 2x10'7 
groups/m. 

In another example of the fifth aspect or the above 
examples, forming the passivation layer includes depositing 
an oxide of aluminum, Zirconium, hafnium, tantalum, or a 
combination thereof. 

In an additional example of the fifth aspect or the above 
examples, forming the isolation layer includes depositing an 
inorganic material. In an example, the inorganic material 
includes a nitride of titanium, silicon, or a combination 
thereof. 

In a further example of the fifth aspect or the above 
examples, forming the isolation layer includes depositing a 
polymeric material. In an example, the polymeric material 
includes a poly(xylylene). 

In another example of the fifth aspect or the above 
examples, etching the isolation material includes anisotropic 
etching the isolation material. 

In a sixth aspect, a method of sequencing a polynucleotide 
includes applying a particle comprising a plurality of copies 
of a polynucleotide to a well of a system of the fourth aspect, 
exposing the particle to an aqueous Solution including a 
nucleotide, and measuring a response of the device to the 
exposing. 

In a seventh aspect, a system includes a sensor device 
including a sensor pad and a well wall structure defining a 
well in operative connection with the sensor pad. A lower 
surface of the well is defined over the sensor pad. The well 
wall structure has an upper Surface, and a wall Surface extends 
between the upper surface and the lower surface. A metal 
layer is disposed over the well wall structure and extends 
along the upper Surface and the wall Surface. 

In an example of the seventh aspect, the metal layer 
includes aluminum, copper, nickel, gold, silver, titanium, 
platinum, or a combination thereof. For example, the metal 
layer can include copper. In a further example, the lower 
surface is free of the metal layer. 

In another example of the seventh aspect or the above 
examples, the wall surface extends substantially vertically. 

In a further example of the seventh aspect or the above 
examples, the well wall structure includes an inorganic mate 
rial. In another example, the inorganic material includes a 
ceramic material. For example, the ceramic material includes 
a nitride of silica or titanium. In another example, the ceramic 
material includes an oxide of silicon. 

In an eighth aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device, the 
sensor device including a sensor pad, and etching the struc 
tural layer to form a trench defining a well post over the sensor 
pad and a well wall structure opposite the first structure, the 
well post extending vertically higher than the well wall struc 
ture. The method further includes depositing a metal layer 
into the trench and over the well post and the well wall 
structure, exposing the well post, and etching to remove the 
well post. 

In a ninth aspect, a method of forming a sensor system 
includes forming a structural layer over a sensor device, the 
sensor device including a sensor pad, etching the structural 
layer to form a well post over the sensor pad, depositing a 
metal layer to Surround the well post, and etching to remove 
the well post. 
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In a tenth aspect, a method of sequencing a polynucleotide 

includes applying a particle comprising a plurality of copies 
of a polynucleotide to a wellofa system of the seventh aspect, 
exposing the particle to an aqueous Solution including a 
nucleotide, and measuring a response of the device to the 
exposing. 
As used herein, the terms “over” or "overlie' refers to a 

position away from a Surface relative to a normal direction 
from the surface. The terms “over” or “overlie' are intended 
to permit intervening layers or direct contact with an under 
lying layer. As described above, layers that are disposed over 
or overlie another layer can be in direct contact with the 
identified layer or can include intervening layers. 

Note that not all of the activities described above in the 
general description or the examples are required, that a por 
tion of a specific activity may not be required, and that one or 
more further activities may be performed in addition to those 
described. Still further, the order in which activities are listed 
are not necessarily the order in which they are performed. 

In the foregoing specification, the concepts have been 
described with reference to specific embodiments. However, 
one of ordinary skill in the art appreciates that various modi 
fications and changes can be made without departing from the 
scope of the invention as set forth in the claims below. 
Accordingly, the specification and FIG.S are to be regarded in 
an illustrative rather than a restrictive sense, and all Such 
modifications are intended to be included within the scope of 
invention. 
As used herein, the terms “comprises.” “comprising.” 

“includes.” “including.” “has.” “having or any other varia 
tion thereof, are intended to cover a non-exclusive inclusion. 
For example, a process, method, article, or apparatus that 
comprises a list of features is not necessarily limited only to 
those features but may include other features not expressly 
listed or inherent to Such process, method, article, or appara 
tus. Further, unless expressly stated to the contrary, 'or' 
refers to an inclusive-or and not to an exclusive-or. For 
example, a condition A or B is satisfied by any one of the 
following: A is true (or present) and B is false (or not present), 
A is false (or not present) and B is true (or present), and both 
A and B are true (or present). 

Also, the use of “a” or “an are employed to describe 
elements and components described herein. This is done 
merely for convenience and to give a general sense of the 
scope of the invention. This description should be read to 
include one or at least one and the singular also includes the 
plural unless it is obvious that it is meant otherwise. 

Benefits, other advantages, and Solutions to problems have 
been described above with regard to specific embodiments. 
However, the benefits, advantages, solutions to problems, and 
any feature(s) that may cause any benefit, advantage, or solu 
tion to occur or become more pronounced are not to be con 
Strued as a critical, required, or essential feature of any or all 
the claims. 

After reading the specification, skilled artisans will appre 
ciate that certain features are, for clarity, described herein in 
the context of separate embodiments, may also be provided in 
combination in a single embodiment. Conversely, various 
features that are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
Subcombination. Further, references to values stated in ranges 
include each and every value within that range. 
What is claimed is: 
1. A system comprising: 
a sensor including a sensor pad; and 
a well wall structure defining a well operatively connected 

to the sensor pad, the sensorpadassociated with a lower 
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surface of the well, the well wall structure defining an 
upper surface and a wall surface extending between the 
upper surface and the lower surface, the upper surface 
defined by an upper buffer material having an intrinsic 
buffer capacity of at least 2x107 groups/m and not 
greater than 1x10' groups/m, the wall surface being 
defined by a wall material having an intrinsic buffer 
capacity of not greater than 1.7x107 groups/m. 

2. The system of claim 1, wherein the upper buffer material 
has an intrinsic buffer capacity of at least 4x10'’ groups/m. 

3. The system of claim 1, wherein the lower surface of the 
well is defined by a lower buffer material disposed over the 
sensor pad. 

4. The system of claim3, wherein the lower buffer material 
has an intrinsic buffer capacity of at least 2x10" groups/m. 

5. The system of claim3, wherein the upper buffer material 
and the lower buffer material are the same. 

6. The system of claim 1, wherein the upper buffer material 
includes an inorganic material. 

7. The system of claim 1, wherein the upper buffer material 
includes a ceramic material. 

8. The system of claim 7, wherein the ceramic material 
includes an oxide of aluminum, hafnium, tantalum, zirco 
nium, or a combination thereof. 

9. The system of claim 1, wherein the wall material 
includes an inorganic material. 

10. The system of claim 9, wherein the inorganic material 
includes a ceramic material. 

11. The system of claim 10, wherein the ceramic material 
includes a nitride of silica or titanium. 

12. The system of claim 10, wherein the ceramic material 
includes an oxide of silicon. 

13. The system of claim 9, wherein the inorganic material 
includes a metal material. 

14. The system of claim 1, wherein the wall material 
includes an organic material. 

15. The system of claim 14, wherein the organic material 
includes a polymeric material. 

16. The system of claim 1, wherein the sensor and wall 
Structure are integral to an electronic component. 

17. The system of claim 16, wherein the electronic com 
ponent is disposed in cooperation with a flow chamber to 
place the sensor and the well wall structure in fluid commu 
nication with an aqueous solution. 

18. A method of forming a sensor system, the method 
comprising: 
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18 
forming a structural layer over a sensor device, the sensor 

device including a sensor pad, the structural layer 
including a structural material having an intrinsic buffer 
capacity of not greater than 1.7x10'7 groups/m: 

forming a buffer layer over the structural layer, the buffer 
layer including a buffer material having an intrinsic 
buffer capacity of at least 2x10" groups/m and not 
greater than 1x10' groups/m; and 

etching the buffer layer and the structural layer to define a 
well operatively connected to the sensor pad. 

19. The method of claim 18, wherein the structural material 
has an intrinsic buffer capacity of not greater than 1x10'7 
groups/m. 

20. The method of claim 18, wherein the buffer material 
has an intrinsic buffer capacity of at least 4x10'7 groups/m. 

21. The method of claim 18, further comprising forming a 
passivation layer over the sensor pad prior to forming the 
Structural layer, the passivation layer disposed between the 
sensor device and the structural layer. 

22. The method of claim 18, whereinforming the structural 
layer includes forming a first dielectric layer and forming a 
second dielectric layer, a material of the first dielectric layer 
being different from a material of the second dielectric layer. 

23. The method of claim 22, further comprising forming a 
third dielectric layer over the second dielectric layer, a mate 
rial of the second dielectric layer being different from a mate 
rial of the third dielectric layer. 

24. A method of sequencing a polynucleotide, the method 
comprising: 

applying a particle comprising a plurality of copies of a 
polynucleotide to a well of a system comprising: 
a sensor including a sensor pad; and 
a well wall structure defining a well operatively con 

nected to the sensor pad, the sensor pad associated 
with a lower surface of the well, the well wall struc 
ture defining an upper surface and a wall surface 
extending between the upper surface and the lower 
surface, the upper surface defined by an upper buffer 
material having an intrinsic buffer capacity of at least 
2x10" groups/m and not greater than 1x10' groups/ 
m, the wall surface being defined by a wall material 
having an intrinsic buffer capacity of not greater than 
1.7x10'’ groups/m: 

exposing the particle to an aqueous solution including a 
nucleotide; and 

measuring a response of the device to the exposing. 
ck ck ck ck *k 


